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CLAUDE L. HIPPENSTEEL, OF ELIZABETH, NEW. JERSEY, ASSIGNOR, BY MESNE AS-
SIGNMENTS, TO WESTERN ELECTRIC COMFANY, INCORPORATED, OF NEW YORK,

N. Y., A CORPORATION OF NEW YORK.

TESTING APPARATUS.

Application filed December 23, 1926.

This invention relates to mechanical test-
ing and particularly to a method and machine
for testing the physical properties of the in-
sulation of electrical conductors, its general
object being to facilitate the determination of
those properties:

Specific objects are to measure the ability
of the insulating material of an insulated
conductor, to resist cutting or crushing by the
conductor and to withstand bending.

While a testing apparatus, in accordance
with the present invention, may be adapted
for. testing various materials and. various
properties of materials, the embodiment of
the invention herein shown and described is
particularly useful for determining the abil-
1ty of rubber or other insulating material to
resist cutting by a conductor and to withstand
gevere bending. -

One method which has been  employed
heretofore for this determining property of
insulating materials is to place the insulated
conductor in contact with a taut wire of defi-
nite size and to apply a definite pressure

5 -thereto for a specified time. The establish-

ment of an electrical contact is used to indi-
cate the complete penetration of the insu-
lation by the cutting wire.. It has been at-
tempted to determine the brittleness of an
insulating material by wrapping the insu-
lated conductor about itselt in a certain
fashion a given number of times and then in-
gpecting for sighs of rupture. Tests such as
these were found to be not entirely satisfac-
tory.” One reason for this is that neither test
is very accurate and neither affords a nu-
merical measure of the relative quality of one
sample as compared with another. Ifurther-
more, tensile strength and elongation tests
made on samples of insulation removed from
the wire are unsuitable because it is ordinarily
difficult to make accurate and reliable tests
of this sort on samples of the insulation ob-
tainable from small gauge insulated wire.
It is uncertain moreover, how results of such
tests may be related to the performance of

an insulated wire under certain special.con-

ditions of compression and wrapping which
the insulation is required to withstand in
service. .

In accordance with one embodiment of the
present invention, means are provided for
applying pressure to an insulated conductor
at a certain uniform rate and for recording

Serial No. 158,578,

graphically the relation between the pres-
sure- applied and the thickness of the com-
pressed insulation. The compressive load at
a portion of the curve thus recorded where a
sudden decrease in thickness is indicated be-
cause of rupture of the insulation, affords a
numerical measure of the ability of the in-
sulating inaterial to resist cutting by the
conductor. A characteristic relation which
exists between the decrease in thickness of
the ingulation up to this point and the brit-
tleness of the insulating material, affords a
measure of the ability of the insulation to
withstand severe bencing, The advantages
of testing the insulation of electrical con-
ductors with a machine constructed in accord-
ance with the present invention reside not
only in the application of the test divectly
to the insulation positioned on the wire but
also in obtaining increased accuracy and re-
liability and. greater speed of testing.

The 1nvention may be readily understood
by referring to the following detailed de-
scription and the drawing, in which:

Tig. 1 is a front elevation of atesting ma-
chine in accordance with the present inven-
tion, portions having been removed in order
to better illustrate the invention.

Hig. 2 is a perspective view in partial sec-
tion of a portion of the testing machine illus-
frating parts of the machine not shown in
Fig. 1.

Wig. 3 is a sectional view taken along the
line 3—3 of Fig. 1.

Fig. 4 is a side elevation of a portion of
the machine shown in Fig. 1, illustrating :
part of the recording mechanism, and

Iig. 5 shows typical curves that are ob-
tained when different classes of insulating
compounds are tested with a machine con-
structed in accordance with this invention
and Fig. 6 is a detail view of the pen car-
riage. ‘ :

The various parts of the testing machine
shown in the drawing are supported by a
frame comprising a base portion 10, upright
members 11 and upper sapporting members
12, 13 and 58, The nuts 14 are secured to
the threaded end portions of the upright
members 11 for securing them to the upper
supporting members 12 and 18 and to the
base 10." A stationary jaw member 15 and a
movable jaw member 16, having oppositely
disposed parallel surfaces, are provided for
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applylng pressure to the material under test
which is inserted for this purpose through
the guide 17. The stationary jaw member
15 fits into an cpening in the upwr support-
ing membei 13 where it is sectived by means
of a set sciew, riot shown., The movable jaw
16 is provided with an enlarged portion or a
spring head 18 and is adapted to be urged
toward the stationary jaw due to the pres-
sare exerted by the helical compression
spring 19. In order that the spring may have
o straight line stress-strain charvacberistic
even under small loads, the ends of the spring
ave embedded in spring pads 20 and 21, com-
posed of a material hawn” a low mdumﬂ
point and a high compressive strength such
as type metal. The spring pad 20 at one cwl
of the spring fits into a recess in the s
head 18 and the spring pad o1 at fl
end fits into a recess in a second sprin
292, This second spring head is adapted to
be moved apward for compressing the spring
19 by means of a worm gear, serew and nu
mechanism, the worm, not shown, being
driven by the motor 25 which iy coupled to
the worm by a suitable overlowd coupling
member 24 to insure against damage to the
machine. A rod 32 is secured to the spring
head 22 and is adapted to engage a s vnch

mechanism located in o box 33. Th); W1

oLnLeY
head

tech-
m.g meclianism may be connﬁ"ufl in circuit

with the motor 23 and a source of electrical
oy and serve to open the circuit or re-
verse the direction of the eurrent therein
when the spring head 22 reaches its highest
and lowest positions.
R(,iunn'> now particularly to Fig. 2 of
the rh'awmg, the worm gear 25 which engages
at its periphery the worm u,mﬂ“d to. inotor
23, is prowded with an mtu‘mlly threaded
sleeve T0-which is secured to the worm gear
for engaging the thresded po-tio'ﬂ of shaft
96. This shaft is s provided at its lower end
with a portion of square cross- ,Jec{m} wiieh
is fLJaptpd to slide th ough o guide 27, this
euide being secured to the base 10 ] J_\f means
of the screws 28, 'The worm gear 25 is sup-
ported by the bearing mei \bers 99 and when
it revolves serves to raise or 1(,\\ er ‘he Sha‘f‘u
26..- The spring head 292 and the spri

1'4

21 are fitted on a shoulder por uon ot ghatft

26 to which they are secured. by a 20,
The upper end of the mu" 2618 slidably
fitted into a bove in shaft 31, this shaft being
secured to the sphno head 18. A small open-
ing 80 is provided in shaft 31 fo permit the
escape of air as the shaft 26 moves upward
into the bore in shaft 81.

The mechanism for recording. the 3 estilts
of the tests comprises a cylinder 34, rotatable

wev

“in ves sponse to the compression of the spring

19 and a device for marking;
attached to the cylinder, the relative move-
ments of jaw 16. The ('yhn(xer 34 1s mnounted
at-each end on ball bearings 35 5 and motion is

on a card 46
p

1,695,

the upper spring

-a relatively short lever

046

imparted thereto by means of a tqpe and a
uystem of pulleys. One end of the tape 43
is attached to an arm 86 which is secured to
head 18. The tape passes
around the pulleys 87 and 38, the former
being secured to an armi 89 sttached to the
lower gpring head 22 and the latter to the
arm 386, ‘and then zround a shea
to the lower end of the cylinder 34. The
oth er end of the tape ig secured to the wall
of the cylinder 84 by MeADns of an adjvsmb &
"thL age 41 I’\ spiral gpring 492 1s fitted
ler the cyum er to lréep the tape 43 tand

times and to return the eylinder to its
normal x)")SulOzl atter a test. . One end of
the spring 42 1s secured to the eylinder and

the other end fo the base 10. :

The mechanism for mdicwtino' on’ the. re-
volving c} stinder, the movement of the jaw 16
comprise
a 1ﬂctmmllm glot cut into the jaw member
16 and hz‘ough a system of pulleys, operates
the pen carriage 45. This pen: carriage -is
adupted to move parallel to the axis of the
cylinder 24 end carries a pen 63 for marking
on card 46 secured to the cylinder by means
of the guides 47, The fulecrum 48 of the lever
44 may be raised or lowered for adjusting
the carriage 45 to a correct initial 1)051t10n

This correction is accomplished by means of
49 which may be
moved about its fulerum 50 by the knurled ad-
justing nut-51. . One end of a tape 52 is at-
tached to the end of lever 44 opposite its
fulerum, this end of the lever being held in
position by the guide 53. A pin 75 is se-
cured to the guide 53 for limiting the down-
ward movement of the end of lever 44. The
tape 52 is attached at its other end to a pulley
54, this Dulle‘y being the smallest of a bank of
ﬂnee, all of which are rigidly mounted on a
shaft 71 supported by the member 12. One
end of another tape 55 is attached to the next
larger pulley 56, the other end being secured
to a spring 57 which is in turn attached to the
supporti ng men nber 58 of the frame structure,
One end of a third ta pe 59 is se
largest pmlny 60, the orher end bemp attached
to the pen carriage 45.

61'ig secured to a poruon of the pen carriage,

the other end of the spring being attached
to the base 10. The pen carriage is adapted .

to slide along the guides 62 as the pulleys-are

caused to revolve due to the movement of the
jaw-16 and the lever 44. It 'is seen that the
movement of the jaw 16 is multiplied, before
being recorded, by the ratio of the arms of
lever 44 and by the ratio of the diameter of
pulley 60 to that of pulley 54.  The spring

61 serves to keep the tapes taut at all tlmeg;
a somewhat-

and the spring 87, possessing
higher restoring force tharn spring 61, serves
to return the pen carriage to its normal posi-

“tion upon the 1619 ase of the load which tirges

the n)owble jaw 16 tayward the stationary jaw

ve 40 secured

5 a lever 44 which projects through -

One end of a spring.
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15. Asshown in Fig. 6 the pen 63 is mounted
on a small arm 65 which is pivotally mounted
on or connected to the pen carriage 45, and a
jockey spring 66 is employed to hold the pen
either against or away from the card on the
cylinder 34.

The machine has been found to.be particu-
larly useful in determining the mechanical
properties of rubber or other insulating ma-
terial. ' Preparatory to making tests on sam-
ples of insulated conductor having a given
size core, a portion:of the conductor, from
which the insulation has been removed, is in-
serted - between the jaws which are then
brought in contact therewith. The pen 63 is
then positioned against the chart 46 so as to
record zero insulation thickness, this being
accomplished by means of the adjusting nut
51. The position of the cylinder 34 should,
of course, be set so that zero pressure is re-
corded by the pen 63. It is not required to
change the initial setting of pen 63 as long as
conductors having the same size cores are be-
ing tested.

When the pen has been set to its correct
initial position a short sample of insulated
conductor is inserted through the guide 17
and between the jaws 15 and 16. The motor
23 is started, thus causing the worm gear 25
and the threaded sleeve 70 to revolve. -Con-
sequently, the shaft 26.is moved upward and
pressure is applied through the spring 19 to
the upper spring head 18 and the jaw mem-
ber 16 which is secured thereto. The in-
sulation is first compressed into an elliptical
form thus subjecting the thin films of in-

sulating material between the wire and the -

jaw faces to a stress which ultimately causes
rupture. During this process the pressure
rises slowly at first and then rapidly until
the film ruptures and the conductor is sud-
denly exposed.

As the spring 19 is compressed due to the
npward movement of the spring head 22,
there is a resulting pull on the tape 43 due
to the relative digplacement of the pulleys 87
and 38. The cylinder is thus caused to rotate
in proportion to the compression of the

_spring 19 and therefore in proportion to the

pressure applied to- the sample under test.
Due to the arrangement of the pulleys, the
movement of the surface of the cylinder is
much greater than the relative movements of
the spring ends.

As the jaw 16 is moved upward, the result-
ing movement of the lever 44 causes a clock-
wise rotation of pulleys 54, 56 and 60 as
viewed in Fig. 1. This rotation of the pulleys
causes the elongation of spring 57, the con-
traction of spring 61 and a downward move-
ment of the pen carriage 45. Due to the ro-
tation of the cylinder 34 under the pen and
the simultaneous downward movement of the
pen _carriage 45, a record is obtained on the
card 46 which indicates coordinately the rela-

3

tion between the pressure applied to the in-
sulation material under test and the thick-
ness of the insulation. It should be noted
that the machine is capable of recording in-
sulation thicknesses from zero to a certain
maximum value, so that, in testing insulation
having a greater thickness than the maximum
value, its 'actual thickness is not indicated
until the thickness is decreased beyond this

“point.

Fig. b shows curves obtained in testing dif-
ferent grades of rubber or other insulating

corapotnds with a machine constructed in ac- -

cordance with this invention.  Curve A of
this figure was obtained in a test on a highly
distensible “high grade rubber - compound.
Curve B was recorded in testing an average
grade of rubber compound used for insulat-
ing aerial wire.
sulating compound, and curve D shows the

type of curve which may be expected if a

soft, semi-plastic rubber compound or cold
flowing insulating composition other than
rubber is tested. In the last case there is no
point of sudden rupture but the insulating
material is gradually pushed away from the
conductor.

The cross on the curves indicates the point
where rupture occurred.. When the conduc-
tor isnot centrally located, the insulation does
not fail on both sides of the conductor at the
same time and there will be two points of rup-
ture indicated, as shown in curve E. The
compressive load at the point of rupture is a
numerical measure of the ability of the insu-
lating compound to resist cutting by the con-
ductor. The curves of Fig. 5 indicate that
the insulating film is very thin at the time of
rupture in the case of high grade resilient
compounds but in the case of a brittle com-
pound the rupture occurs before the rubber
has undergone much reduction of thickness.
This relation between thickness at break and
brittleness of the compound affords a measure
of the ability of the insulating compound to
withstand severe bending.

What is claimed is:

1. A machine for indicating the penetrat-
ing effect of a conductor upon 1ts surrounding
insulation which comprises a pair of jaws
for receiving the insulated conductor, means
for slowly forcing one of said jaws toward
the other to force the conductor into the in-
sulation upon both sides thereof, means con-
trolled by the movable jaw and means con-

trolled by the conjoint movement of the mov- -

able jaw and by the force applying means
for automatically graphically indicating the
relation between the force applied to the in-
sulated conductor and the penetration of the
conductor into the insulation.

2. In combination a pair of jaw members,
pressure applying means for urging said jaw
members toward each other, means rotatable
in response to the conjoint movement of said

Curve C is for a brittle in-

-1
Ut

&0

ity

ton

103

110

115

120

130



4

3

10

pressure applying means and one of said jaws,
and means for indicating on said rotatable
megns the relative movement of one of said

Jaw members.

3. In a testing machine, a frame, a station-
ary jaw member secured thereto, an oppositely
disposed movable jaw member having an en-
larged portion, n second plungermember hav-
ing an-enlarged portion, & yieldable means
between said enlarged portions, means for
moving spid plunger member for com-
pressing said yieldable means, a cylinder

. supported by seid frame, means responsive
po y b

—
<t

20

to the conjoint movement of the plunger mem-
ber and the movable jaw member for rotating
said eylinder upon the compression of said
vieldable means, and means for registering on
said cylinder the movement .of said movable
jaw member.

4. In a testing machine, a frame, a sta-
flonary jaw member and a movable jaw mem-
ber, means for applying pressure to said mov-
able jaw member to urge it toward said sta-
tionary jaw .imember, pressure indicating
means movable in response to the pressure
applied to said movable jaw member, a lever
in engagement with said movable jaw mem-
ber, a fulecrum for said lever near one end,
Jmeans associated with said lever near its
other end for indicating the movement of
said movable jaw coordinately with respect to

1,895,048

said pressure indications, and means for Jis-
placing said fulerum for adjusting the initial
setting of the means for indicating the move-
ment of the movable jaw,

5. A machive for testing the insulation of
electrical conductors, comprising a frame, a
stationary jaw member. secured thereto, an

oppositely disposed movable jaw member hav--

ing an endarged portion and a shaft secured
thereto, a second shaft having an enlarged
portion, said shaft being adapted to shde
along said first mentioned shaft, a yieldable
means betsveen said enlarged portions, means
for moving .one enlarged portion toward the

40

other for compressing said yieldable means, -

a eylinder supported by sald frame, means
agsociated with said enlarged povtions for
rotating said cylinder in presponse to the com-

- pression of said yieldable means, a Jever in

engagement with said movable jaw member,
a fulcrum for said lever near one end, means
associated with said lever near its other end
for indicating on the revolving cylinder the
thickness of the insulation of the conduetor
under test and means for displacing said ful-
cruin for adjusting the initial setting of the
means for indicating the insulation thickuess.

In witness whereof, I hereynto subscribe
my name this 21st day of December A, D.,

1926.
CLAUDE L. HIPPENSTEEL.
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